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The present invention relates to instruments for performing clinical analyses of samples, 
more particularly to improving the counting precision of such instruments by varying the 
5 delivery rate of the samples. 

RELATED APPLICATIONS 

This application is related to U.S. Application No. 08/688,517, which issued as U.S. 
Patent 5,788,927 on August 4, 1998 for "Unified Fluid Circuit Assembly For A Clinical 
Hematology Instrument", which patent is commonly owned by the assignee of the present 
10 application, Bayer Corporation, and which is incorporated herein by reference in its entirety. 

BACKGROUND OF INVENTION 

Analytical instruments are well known and have been commercially available for many 
years, in different constructions, for performing a variety of test analyses by various methods. 

15 These instruments, such as clinical hematology lab instruments, typically receive one or a 

series of test samples, divide each sample into aliquots, and perform one or more tests by 
combining each aliquot with one or more reagents in a reaction mixture. The reaction mixtures 
are then analyzed in a known manner. For example, a colorimetric or similar measurement may 
be made on one reaction mixture while one or more other reaction mixtures may be sent to a 

20 particle counting device for a cell count. 

One of the disadvantages of such known devices is that they operate with a very limited 
dynamic range. At low counts, precision suffers and at high counts coincident events (for 
example, where several cells passing at the same time through the device are counted as one cell 
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or event) limit the range. A variety of methods are implemented in known devices to 
compensate for these disadvantages. 

Known systems typically deliver a fixed volume of a diluted sample solution at a fixed 
rate for quantitative (i.e., counting) and qualitative (i.e., characterizing) the cells by optical 
5 detection means. Techniques involving multiple counts where repetitive delivery of a 
predetermined volume of diluted sample is performed, are sometimes employed to improve low 
end precision, but this is done at the expense of sampling throughput. 

Conversely, technicians dilute the test samples when cell counts are high, and 
consequently, the precision for very low cell counts suffers. Moreover, in many cases, the 
i p 3 10 maximum cell capacity is too low for very high cell counts. 

1 SUMMARY OF THE INVENTION 

Disadvantages and limitations of the prior art are overcome by the apparatus and method 
of the present invention, which provide for adjusting a flow cell pump delivery rate based upon 
bj 15 an initial count rate, to tune effectively the dilution of the sample to be examined to the cellular 
Q concentration of the sample. 

It is, therefore, among the objects of the present invention to provide a method and 
apparatus capable of improving the precision of analyses of test samples possessing low cell 
counts, and having an extended upper range for very high cell counts, by varying the delivery 
20 rate of the test sample and sheath fluid. 

These and other objects of the method and apparatus of the present invention are 
achieved in one embodiment by providing a variable rate volume particle counter comprising a 
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sample pump for delivering a sample at a sample volumetric delivery rate and a sheath pump for 
delivering a sheath fluid at a sheath volumetric delivery rate into a sheath stream flow cell which 
suspends the sample in the sheath fluid in a laminar flow suspension which is scrutinized by a 
detection assembly. A data analyzer analyzes the detected information and determines control 

5 parameters necessary to achieve a predetermined sample characteristic, such as particle or cell 
count rate. A sample controller is coupled to the data analyzer and the sample pump for 
controlling the sample pump to vary the sample volumetric delivery rate in response to the 
control parameters, and similarly, a sheath controller is coupled to the data analyzer and the 
sheath pump to control the sheath pump to vary the sheath volumetric delivery rate in response to 

10 the control parameters. The delivery rate is then "tuned" to the given cell concentration of the 
test sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features, advantages and characteristics of the present invention will be apparent 
to a person of ordinary skill in the art from the following detailed discussion of a preferred 
15 embodiment, made with reference to the accompanying drawings, in which: 

Fig. 1 is an illustrative embodiment of the variable rate volumetric particle counter of the 
present invention; 

Fig. 2 is detailed illustration of the detection assembly of Fig. 1; and 
Fig. 3 is a flow diagram illustrating the logic of the data analyzer in accordance with one 
20 embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to Fig. 1, a variable rate volumetric particle counter ("VRVPC"), in accordance 
with a preferred embodiment of the present invention, is shown. The VRVPC includes a sheath 
flow cell 30 which provides a thin stream of particles in suspension for analysis by a detection 
5 assembly. It should be recognized that the stream of particles is any fluid concentration of 
particles, preferably cells such as blood cells. 

Sheath flow cell 30 allows presentation of cells or particles, prepared in a reaction 
mixture as is known, essentially one cell at a time positioned for access by detection assembly 
50. The reaction mixture is drawn through a nozzle 31a into the center of a laminar flow stream 
10 33 of a sheath liquid 10 forming a suspension of the mixture in the sheath fluid stream (a "cell 
suspension"). The flow velocity of the sheath liquid Q SH is controlled to be much greater than 

the velocity of Q s of the introduced sample reaction mixture causing the cross sectional area of 
the drawn suspension stream to narrow by known principles as it accelerates to the velocity of 
the sheath liquid. The cross section of the cell suspension stream is further narrowed by passing 

15 the sheath liquid containing the drawn cell suspension through a gradually reduced cross 
sectional area, again by known principles. At the point of access by detection assembly 50 (see 
reference numeral 1 19, Fig. 2) the diameter of the drawn suspension stream has been sufficiently 
constrained to be on the order of the diameter of one cell so that two cells cannot readily travel 
side-by-side in the stream. For an example description of the sheath flow cell, see U.S. Patent 

20 No. 5,788,927 identified above. 



DOCSNY1:490031.2 
8698-2027 SM9 



-4- 



Docket No.: 8698-2027 
MST-2322 

In this illustrative embodiment, detection assembly 50 is implemented as an optical 
detection system which detects optical interactions with the test sample (to be discussed later) as 
the test sample and sheath fluid flow through the sheath flow cell 30. Optical detection system 
50 comprises illuminator assembly 130 which in turn includes a light source 35 and optical filter 

5 37, and detector assembly 164 which in turn includes lens assembly 40 and detector 45. A laser 
beam LB, generated by source 35, is set so as to impinge on (i.e., intersects to illuminate or 
interrogate) the cell suspension stream at point 119 as indicated above. Optical system 50 
operates in a similar manner to the optics system, denoted element 100, in commonly owned 
U.S. Patent No. 5,788,927 identified above. 

10 Data analyzer 60 is coupled, via line 61, to one end of the optical detection system 50 and 

evaluates information received from the optical system 50. Data analyzer 60 determines 
characteristics of the test sample (e.g., cellular concentration or "count rate", which should be 
understood to mean the number of particles or cells in a volume of test sample per unit of time) 
and controls operation of motors 70,72 in response to the resultant characteristic determination. 

15 Data analyzer 60 generally includes a microprocessor, signal processor or computer running 
suitable software to determine the desired characteristic (i.e., count rate) and input/output ("I/O") 
capabilities suitable to receive input and output commands. Data analyzer 60 in one embodiment 
is implementable as a PC, workstation or other microprocessor based system with appropriate 
I/O capabilities. Operation of the data analyzer will be discussed below. 

20 The VRCVP includes sheath pump 69 and sample pump 66 connected through flow cell 

path 14. Pumps 66, 69 are respectively driven by motors 70, 72 responsive to analyzer 60, to 
deliver an appropriate volume of sheath fluid and sample at specific respective volumetric rates 
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through the flow cell 30. Pumps 66, 69 are preferably syringe pumps having similar 
construction, including syringe pistons 76, 77 which move up and down inside cylinders 67, 68. 
In the preferred embodiment, the syringe piston is actuated using a lead screw actuator (not 
shown) connected to a belt and pulley system (not shown) which is driven by a motor 70, 72 in a 
conventional manner. Motors 70, 72 are preferably servo or stepper motors, which are well- 
known in the art. It should be noted, however, that other motors or mechanisms could 
alternatively be used to actuate and adjust syringe pumps 66, 69. 

In the preferred embodiment, sample pump 66 will control a volumetric flow rate of the 
sample of Q s in region A of flow path 14. Sheath pump 69 will control the net volumetric flow 
rate of Q s +Q SH seen in region C. Sheath pump 69 will thereby control the volumetric flow rate 
of the sheath fluid of Q SH in region B. By varying the motor speed (as will be described below), 
and consequently the individual pump speeds, the flow rates in regions A, B and C can be 
modified and controlled as desired to alter volume and dilution of the sample stream. 

The ratio of sheath to sample (i.e., the dilution) is a function of the type of cell being 
counted. For example, in an embodiment where the present invention is implemented to count 
red blood cells and their density is known to be on the order of 5 million cells per cubic inch, a 
1000 micro-liter per second (?\l\1s ") volumetric flow rate is desirable- i.e., the net flow rate 
Qs +Qsh in region C is desired to be 1000 u-l/s. This can be achieved by controlling sheath 
pump 69 to draw a volumetric flow rate of 1000 \d/s (Q s +Q SH ), setting sample pump 66 to 
control drawing of the sample at 10 ul/s (Qs in region A) resulting in drawing of the sheath fluid 
from container 12 at a volumetric flow rate of 990 |il/s (Q SH in region B). 
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By way of another illustrative example, in an embodiment where the present invention is 
implemented to count white blood cells and their density is known to be on the order of 7 
thousand cells per cubic inch, a 1000 jil/s volumetric flow rate is established- i.e., the net flow 
rate Q s +Q SH in region C is controlled to 1000 jil/s. This can be achieved by controlling sheath 

5 pump 69 to draw a volumetric flow rate of 1000 (jil/s (Q s +Q SH \ setting sample pump 66 to 

control drawing of the sample at 50 \il/s (Q s in region A) resulting in drawing of the sheath fluid 

from container 12 at a volumetric flow rate of 950 (il/s (Q SH in region B). 

In the preferred embodiment of the present invention, cylinders 67 and 68 each have 
\% different volumes. More preferably, cylinder 68 has a much larger volume than cylinder 67. 
\h 10 This allows the sheath fluid 10 to be drawn into the flow cell path from a remote site, for 
Ly example, a receptacle 12, connected to flow cell path 14 via line 11, as motor 72 drives sheath 
pump 69. 

C Referring now to Fig. 2, microprocessor-based data analyzer 60 determines 

U characteristics of the suspended particle stream such as the particle velocity or the count of a unit 
: ™ 15 volume of the test sample as it passes through the flow cell 30. Data is received via cable 61 
from optical detection system 50 into an analog-to-digital ("A/D") converter 99 and stored in 
memory 98. Cable 61 can be, for example, a conventional transmission cable connected to an 
RS-232 cable port as is known. Data analyzer memory 98 contains preprogrammed (or 
programmable) pump profiles for processing input data to determine the desired operating state 
20 of motors 70, 72 in order to achieve an optimum pumping rate. Control motors 70,72 are 



DOCSNY 1:490031 2 
8693-2027 SM9 



-7- 



Docket No.: 8698-2027 
MST-2322 

responsive to commands output through digital-to-analog converter (D/A) 199 on control lines 
80, 90. 

An illustrative logic sequence for data analyzer 60 to implement the method of the 
present invention will now be discussed. 
5 Referring to Fig. 3, in step 100, the data analyzer determines the count rate CR 

representing the number of particles, e.g., blood cells, in the test sample cell suspension. At step 
102, it is determined if the count rate is at a maximum. In this case, the number of cells or 
particles counted in step 100 is compared to a stored reference value MAX. If the count rate is at 
a maximum (i.e., CR > MAX), then at step 104, a "decrease motor speed" command is generated 
jjH 10 to consequently reduce volumetric delivery rate. If at step 102, the count CR is not greater than 
0 the maximum value MAX, then in step 106 it is determined if the count rate is below a 
; predetermined minimum value MIN. If the count rate is not below the minimum value, (i.e., the 

: ^ output at step 66 is no), then the speed of motors 70, 72 is maintained. (Depending on the type of 
; motor used, either no command is used to maintain motor speed or a steady state command is 

,S|l5 generated to maintain speed as will be understood by one skilled in the art.) In step 106, if the 
count rate is less than the minimum value MIN, an "increase motor speed" command is 
generated at step 1 10 to increase volumetric delivery rate and consequently the count rate. 

Motor speed commands are then processed through D/A converter 199 for output to 
motors 70, 72. 

20 In operation, pumps 66, 69 can be driven using more than one preprogrammed pump 

profile. Each pump profile can be downloaded from a memory 98 of analyzer 60 to determine an 
optimal flow rate of the sheath fluid and the test sample as each passes through the flow cell 30 
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for a given testing duration. In one embodiment, the optimal flow rate is determined by varying 
the flow rate of either the test sample or the sheath liquid. Alternatively, both flow rates could be 
changed simultaneously. While two to three pump profiles are typically used, it will be 
understood that more or less profiles may also be implemented as desired. 

5 Primary control is effected through sample pump 66. For example, when a high count 

sample is being analyzed, in order to eliminate coincidence effects, Q s is decreased. Where a 
low count is encountered, Qs ls increased. If the volume delivery rate of sheath pump 69 is not 
modified, a change in Q SH will result which is inversely proportional to the change in Q s as the 
net flow rate remains constant and is defined by the relation Q s + Q SH . 

10 A factor to be considered in determining flow rate control is that the stream flow at point 

119, i.e., the net volumetric rate of Qs+Qsm IS limited by the capabilities of the optical 
detection system. Where Qs IS increased as discussed above, the diameter to the cell stream at 
point 119 may increase as well resulting in possible coincident count difficulties, for which the 
net flow rate may also be commanded to increase to keep the analysis stream within the limits of 

15 the optical system. 

Alternatively, the pump profiles may be downloaded in pump profile segments 
corresponding to different steps in the logic flow for the data analyzer 60. For example, in one 
embodiment, one segment introduces the particle suspension at a predetermined rate, and step 
100' is executed to determine the particle count. In response, a second segment is initiated 

20 wherein steps 102' and 106' are performed. Another pump profile is then selected to execute 
steps 104', 108' and 110. It is to be understood that more than one reference value may be used 



DOCSNY1:490031.2 
8698-2027 SM9 



-9- 



Docket No.: 8698-2027 
MST-2322 

in steps 102' or 106' to adjust the flow rate to a desired flow level and one or more of steps 104% 
108' and 1 10' followed by steps 100' and one or more of steps 102' or 106' could be repeated in 
sequence to obtain a desired rate. 

If the pump profile and flow rate are set for normal or low cellular concentration, pumps 
5 66, 69 would be slowed down for a higher count. If the sheath flow profile and flow rate are not 
altered, the velocity of the cells traversing the flow cell will remain constant although the count 
rate and particle stream cross-sectional diameter will decrease. The total volume counted can be 
decreased proportionately to maintain precision within count time constraints. 

Alternatively, sheath fluid flow may be adjusted to maintain stream diameter while 
10 altering the cell velocity. The volume counted may also be a function of the linear travel of 
pumps 66, 69 which can be determined, for example, by counting the number of revolutions of 
lead screw actuator or via utilization of a linear potentiometer. 

Advantageously, "tuning" the particle rate to an optimum value improves the low count 
precision and extends the upper limit of the count rate by using a variable rate pump as described 
15 . herein. Consequently, the dynamic range, the volume of fluid passing through flow cell 30 per 
unit time is expanded. 

The present invention has been described with reference to specific embodiments thereof. 
It will be understood by one skilled in the art that these are not exclusive embodiments, and 
while the foregoing description of illustrative embodiments provides many specificities, these 
20 enabling details should not be construed as limiting the scope of the invention. It will be readily 
understood by those persons skilled in the art that the present invention is susceptible to many 
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modifications, adaptations, and equivalent implementations without departing from the scope of 
this invention and without diminishing its advantages 
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I Claim: 

1 . A variable rate volumetric particle counter comprising: 

a sample pump having a control input, a sample input and a sample output, the 
sample pump sample output having a sample volumetric delivery rate responsive to the sample 
5 pump control input; 

a sheath pump having a control input, a sheath fluid input and a sheath fluid 
output, the sheath pump sheath fluid output having a sheath volumetric delivery rate in a laminar 
flow stream responsive to the sheath pump control input; 

a flow cell coupled to the sample pump sample output and the sheath pump sheath 
10 fluid output so that the sample is drawn in a suspension stream of a fixed diameter into the sheath 
fluid stream; 

a detection assembly comprising at least one sensor having an output indicative of 
a characteristic of the drawn suspension; 

data analyzer for analyzing the detected characteristic with respect to 
15 predetermined criteria and determining control parameters to achieve the predetermined 
characteristic criteria; 

sample rate controller coupled to the data analyzer and having a control output 
connected to the control input of the sample pump for controlling the sample pump to vary the 
sample volumetric delivery rate in response to the control parameters; and 
20 sheath rate controller coupled to the data analyzer and having a control output 

connected to the sheath pump for controlling the sheath pump to vary the sheath volumetric 
delivery rate in response to the control parameters. 
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2. The apparatus of claim 1 wherein the sheath pump is a syringe pump. 

3. The apparatus of claim 2 wherein the sample pump is driven by a sample pump 
motor controlled by the sample controller. 

4. The apparatus of claim 1 wherein the sample pump is a syringe pump. 

5. The apparatus of claim 4 wherein the sheath pump is driven by a sheath motor 
controlled by the sheath controller. 

6. The apparatus of claim 1 wherein the sample is a cell reaction mixture. 

7. The apparatus of claim 6 wherein the fixed diameter is substantially that of one 
cell in the cell reaction mixture. 

8. The apparatus of claim 1 wherein the detection assembly comprises an optical 
detection system. 

9. The apparatus of claim 1 wherein the detection assembly comprises a magnetic 
detection system. 

10. The apparatus of claim 1 wherein the data analyzer, sample controller and sheath 
controller are disposed within a single device. 

11. The apparatus of claim 1 wherein the data analyzer includes at least one 
preprogrammed pump profile for determining the control parameters. 

12. A variable rate volumetric particle counter comprising: 

means for delivering a sample at a sample volumetric delivery rate; 
means for delivering a sheath fluid at a sheath volumetric delivery rate in a 
laminar flow stream; 
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means for drawing the sample in a suspension stream of a fixed diameter into the 
sheath fluid stream; 

means for detecting a characteristic of the drawn suspension; 

means for analyzing the detected characteristic with respect to predetermined 
criteria and determining control parameters to achieve the predetermined characteristic criteria; 

means for controlling the sample pump to vary the sample volumetric delivery 
rate in response to the control parameters; and 

means for controlling the sheath pump to vary the sheath volumetric delivery rate 
in response to the control parameters. 

13. The apparatus of claim 12 wherein the sample is a cell reaction mixture. 

14. The apparatus of claim 13 wherein the fixed diameter is substantially that of one 
cell in the cell reaction mixture. 

15. The apparatus of claim 12 wherein the data analyzer comprises at least one 
preprogrammed pump profile for determining the control parameters, 

16. The apparatus of claim 12 wherein the sheath pump is a syringe pump. 

17. The apparatus of claim 12 wherein the sample pump is a syringe pump. 

18. A method for determining a characteristic of a sample comprising the steps of: 
delivering the sample at a sample volumetric delivery rate; 

delivering a sheath fluid at a sheath volumetric delivery rate in a laminar flow stream; 
drawing the sample in a suspension stream of a fixed diameter into the sheath stream; 
detecting a characteristic of the drawn suspension; 
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analyzing the detected characteristic with respect to predetermined criteria and 
determining control parameters to achieve the predetermined characteristic criteria; 

controlling the sample pump to vary the sample volumetric delivery rate in response to 
the control parameters; and 
5 controlling the sheath pump to vary the sheath volumetric delivery rate in response to the 

control parameters. 

19. The method of claim 18 wherein the sample is a cell or particle reaction mixture. 

20. The method of claim 18 wherein the characteristic is a particle or cell count. 

21. The method of claim 18 wherein the control parameters are derived from 
10 predetermined pump profiles. 

22. The method of claim 18 wherein controlling the sample pump and controlling the 
sheath pump further comprising adjusting the volumetric delivery rate of at least one of the 
sample pump and the sheath pump to produce a detected characteristic in a predetermined range 
between a minimum value and a maximum value. 
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ABSTRACT 

A variable rate particle counter for adjusting the volumetric delivery rate of fluid 
to a flow cell based upon an initial particle count rate in order to effectively "tune" the final 
dilution of sample sheath flow to the particle concentration of the sample. A sheath fluid syringe 

5 pump and a test sample syringe pump are driven by motors which are adjusted by a data 
analyzer. The data analyzer compares a particle count rate measured by a detection assembly to 
a predetermined reference value and determines if the count rate is too high or to low. 
Accordingly, one of several pump profiles is initiated to adjust the flow rate of the sheath fluid or 
test sample or both. Advantageously, the low cell count precision is improved and the upper 

10 limit cell count is expanded. 
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(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL, 

CONTINUATION OR C-I-P) 



As a below named inventor, I hereby declare that: 

TYPE OF DECLARATION 
This declaration is of the following type: 





original. 


□ 


design. 


□ 


supplemental. 


□ 


national stage of PCT. 


□ 


divisional 


□ 


continuation. 


□ 


continuation-in-part (C-I-P). 



INVENTORSHIP IDENTIFICATION 

My residence, post office address and citizenship are as stated below, next to my name. I believe 
that I am the original, first and sole inventor {if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter that is claimed, and for 
which a patent is sought on the invention entitled: 

TITLE OF INVENTION 



VARIABLE RATE PARTICLE COUNTER AND METHOD OF USE 
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SPECIFICATION IDENTIFICATION 



the specification of which: 



(a) ^ is attached hereto. 



Notice of July 13, 1995 (J 177 O.G. 60). 



(b) Q was filed on 
amended on 



,as 

(if applicable). 



□ Serial No. 09/ 



and was 



(c) Q was described and claimed in PCT International Application No. 

and as amended under PCT Article 19 on (if any). 



, filed on 



ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information, which is material to patentability as 
defined in 37, Code of Federal Regulations, § 1.56, 

and which is material to the examination of this application, namely, information 
where there is a substantial likelihood that a reasonable Examiner would consider it 
important in deciding whether to allow the application to issue as a patent, and 

P~[ in compliance with this duty, there is attached an information disclosure 
statement, in accordance with 37 CFR L98. 



I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19(a)-(d) of 
any foreign application(s) for patent or inventor's certificate or of any PCT international 
application(s) designating at least one country other than the United States of America listed 
below and have also identified below any foreign application(s) designating at least one 
country other than the United States of America filed by me on the same subject matter having 
a filing date before that of the application(s) of which priority is claimed. 

(d) no suc ^ applications have been filed. 

(e) [~j such applications have been filed as follows. 



PRIORITY CLAIM (35 U.S.C. § 1 19(a)-(d)) 
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PRIOR FOREIGN / PCT APPLICATION^) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119(a)-(d) 



COUNTRY (OR 
INDICATE IF 
PCT) 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY 
CLAIMED UNDER 
37 USC 119 








□ YES □ NO 








□ YES □ NO 








□ YES □ NO 








□ YES □ NO 








□ YES □ NO 



CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATION(S) 

(34 U.S.C. § 1 19 (e)) 

I hereby claim the benefit under Title 35, United States Code, § 1 19(e) of any United States 
provisional application(s) listed below: 



PROVISIONAL APPLICATION NUMBER FILING DATE 



/ 



/ 



/ 



CLAIM FOR BENEFIT OF EARLIER US / PCT APPLICATION(S) 

UNDER 35 U.S.C. 120 

□ The claim for the benefit of any such applications are set forth in the attached 
ADDED PAGES TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR DIVISIONAL, CONTINUATION OR CONTINUATION-IN- 
PART (C-I-P) APPLICATION. 

ALL FOREIGN APPLICATION^), IF ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 
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POWER OF ATTORNEY 



I hereby appoint the following attorney(s) and/or agents(s) to prosecute this application and 
transact all business in the Patent and Trademark office connected therewith. 



Peter Bucci, Reg. No. 30,034 
Charles W. Bradley, Reg. No. 17,855 
Bradford S. Breen, Reg. No. 30,823 
Lawrence B. Goodwin, Reg. No. 29,642 
Marc J. Pensabene, Reg. No. 37,416 

□ Attached, as part of this declaration 
above-named attorney(s) to accept t 



Robert M. Isackson, Reg. No. 3 1,1 10 
Robert A. Cote, Reg. No. 34,570 
Tzvi Hirshaut, Reg. No. 38,732 
Philip E. Levy, Reg. No. 40,700 
Andrew L. Klawitter, Reg. No. 26,557 

I power of attorney, is the authorization of the 
follow instructions from my representative(s). 



SEND CORRESPONDENCE TO 

Robert M. Isackson, Esq. 

ORRICK, HERRINGTON & SUTCLIFFE LLP 

666 Fifth Avenue 

New York, New York 10103-0001 



DIRECT TELEPHONE CALLS TO: 
(Name and telephone number) 

Robert M. Isackson 
(212) 506-5000 



DECLARATION 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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SIGNATURE(S) 

Full name of sole or first inventor 

Gregory _A. Farrell 

(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME) 

Inventor's signature ^J%&&*&, ^ ^Lt^#r 

Date 22 December 1998^ Q^untiy of Citizenship USA 
Residence Ridgewood, New Jersey 

Post Office Address 447 Hillcrest Road, Ridgewood, New Jersey 07450 



Full name of second joint inventor, if any 

(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME) 

Inventor's signature 

D ate Country of Citizenship 

Residence 

Post Office Address 



Full name of third joint inventor, if any 



(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME) 

Inventor's signature 

D ate Country of Citizenship 

Residence 

Post Office Address 
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□ Signat ure for fourth and subsequent joint inventors. 

Number of pages added 



* * * 



□ Signature by administrator(trix), executor(trix) or legal 
representative for deceased or incapacitated inventor. 

Number of pages added 



* * * 



□ Signature for inventor who refuses to sign or cannot be reached by 
person authorized under 37 CFR 1 .47. 

Number of pages added 



* * * 



□ Added page for signature by one joint inventor on behalf of deceased inventor(s) where 
legal representative cannot be appointed in time. (37 CFR 1.47) 



* * * 



□ Added pages to combined declaration and power of attorney for divisional, 
continuation, or continuation-in-part (C-I-P) application. 

Q Number of pages 



* * # 



□ Authorization of attorney(s) to accept and follow instructions from representative. 



* * * 



This declaration ends with this page 
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